Abstract. Urban air pollution is an urgent problem to be solved in the process of China's economic development and urbanization process. Based on the daily average data of urban air quality in Henan province in 2017, using geostatistical analysis and spatial analysis methods, this paper studies the temporal distribution characteristics and spatial correlation of air quality of the cities in the province. The results show that: The urban air quality of northern cities in the province is significantly lower than that of southern cities, Anyang, Zhengzhou and Luoyang are the regions with the worst air quality, where the air quality index varies greatly with the most days of severe pollution; The urban air quality index shows weekend effect, and the air quality index in weekend is obvious high. The urban air quality index also presents the characteristics of seasonal changes, which decreases gradually from winter to autumn. There are some positive correlations among the urban air qualities, these correlations are significant in the summer and autumn. The cities with high air pollution have been aggregating, the urban air quality index gradually declines from spring to autumn with the significant regional variation, the improvement of air quality in the central and northern cities is significantly lower than that in the southern regions, and gradually forms high pollution aggregation regions.
Introduction
From 1978 to 2017, Henan's economy has grown rapidly, and the urbanization level has gradually increased. The gross domestic product increases from 16.29 billion yuan to 4498.81 billion yuan, with an average annual growth rate of 9.49%. The gross domestic product of the secondary industry increases from 6.95 billion yuan to 2,144.99 billion yuan, with an average annual growth rate of 10.62%, its proportion in the province's economy raises from 42.62% to 47.68%. The total population increases from 70.67 million to 108.52 million, the urbanization rate increases from 13.60% to 50.16%, and the resident population of the city reaches 47.99 million. Economic development has been promoting the rapid accumulation of material wealth and the substantial improvement of people's living standards. At the same time, the rapid development of the secondary industry, the large-scale infrastructure construction and the improvement of urbanization level have been leading to excessive consumption of resources, as well as the low efficiency utilization of agricultural by-products and the burning of straw have been causing more and more serious air pollution. Air quality has been becoming one of the major environmental problems affecting population health and economic development. Air quality issues have received increasing attention [1] [2] [3] [4] .
In recent years, the study of air quality based on geoscience vision has mainly focused on the variation characteristics analysis of air quality at different scales and in typical regions, and the influencing factors analysis of air quality, has achieved many valuable results. In fact, although the amount of atmospheric pollutant emissions is the main factor determining regional air quality, the regional topographic conditions, wind direction, wind speed, precipitation and temperature have some impacts on the spread of the pollutants, regional transmission and transport is one of the important features of air pollution, the air quality of a region is affected by the pollution conditions of its adjacent regions, and there is some certain correlation between regions [3] [4] [5] [6] [7] [8] [9] [10] .
Air quality Index (AQI) is a quantitative data describing the short-term air quality situation and changing trend of a region. Based on the impact of various pollutants on human health, ecology and environment, according to the Environmental Air Quality Standard, AQI simplifies the monitored main air pollutant concentrations, as fine particulate matter, inhalable particulate matter, SO 2 , NO 2 , O 3 , CO and so on, into a single conceptual index, classifies air quality as 0~500, the larger the index, the more serious the pollution situation and the greater harm to the human body [2, 3, 5] .
Based on the daily average data of urban AQI in Henan province in 2017, this paper utilizes geostatistical analysis and spatial analysis methods to study the spatial correlation and the spatial distribution characteristics of urban air quality, explores its evolution mechanism and internal mechanism, in order to provide some scientific reference for the regional air pollution prevention.
Data and Research Methods

Research Area Overview and Data
Henan province(31°23'N-36°22'N, 110°21'E-116°39'E) is located in the central part of China, consists of 17 cities with a total area of 167 thousand km 2 , its three sides as the north, west and south are semi-circular surrounded by Taihang, Funiu and Dabie mountains, its central and east regions are Huanghuaihai alluvial plain [11, 12] . the data used in the study mainly includes the daily average air quality index of 17 cities (from 2017.1.1-2017.12.30) derived from the key city air quality daily report data of the Ministry of Environmental Protection of the People's Republic of China (http://datacenter.mep.gov.cn), and Henan socio-economic development data coming from the 2017 Statistical Communiqué on National Economic and Social Development of Henan Province(http://www.ha.stats.gov.cn/sitesources/hntj/page_pc/zfxxgkpd/ zwdt/tzgg/articlee7912c194e7b404393dfb6acd72599f5.html).
Air Quality Spatial Correlation Model
Affected by the natural conditions such as topographic conditions, atmospheric circulation, wind direction and wind speed, air pollutants have the important characteristics of regional transmission and transportation. The air quality of a city is affected by the pollution of its adjacent cities, there are some certain correlations between the air qualities among them, these correlations decrease as the distance increases. Studying the overall distribution characteristics of air quality, could accurately understand the overall change and spatial similarity of urban air quality, and reveal the influence relationship among regional city agglomeration [12] [13] [14] .
The global spatial autocorrelation analysis uses the test statistic Global Moran's I index, defined as: I  indicates that the urban air quality is aggregated, most of cities and their adjacent cities have the same difference direction about the AQI with the AQI mean of the study region. The larger I means the more obvious aggregating tendency, the greater interacting of air quality among cities. 0 I  indicates that the urban air quality is dispersed, some of cities and their adjacent cities have the different variety direction about the AQI with the AQI mean of the study region. The smaller I means the more obvious decentralizing tendency, the less interacting of air quality among cities. 0 I  means that the urban AQI in the region is randomly distributed, no correlation existing among them. Assessing the correlation using the standardized AQI
as the test statistic, where Global Moran's I is a global assessment of spatial autocorrelation, ignoring the potential instability of spatial distribution. Local autocorrelation index is used to measure the influence degree of local spatial units to the overall spatial autocorrelation in the study region, and to what extent the global assessment of spatial autocorrelation masks abnormal local conditions or small local instability [12] [13] [14] , defined as
i I describes the spatial aggregation degree between city i and its adjacent cities with significant similar values.
Obviously, there is 
The local spatial autocorrelation index decomposes the global spatial autocorrelation into the contributions of each city, center presents low-value city i surrounded by high-value cities(low-high) or high-value city i surrounded by low-value cities, the local region for i center presents some decentralization feature.
Urban Air Quality Index Spatial Correlation Analysis in Henan Province
Henan Urban Air Quality Statistical Characteristics Analysis
According to the 365 valid samples (Figure 1 ) in 2017, the overall air quality in Henan province is mainly lightly polluted (Level III), the days accounting for 43.56% of the total sample, the days above Level IV is about 29.04% (of which Level VI days is 22), the proportion of Level I and II is only 27.40%. In spatial distribution (Figure 2) , the air quality is quite different among cities, shows obvious regional characteristics. The proportion of good or moderate days in the southern cities are significantly higher than that in the northern cities, the southern cities as Xinyang with the maximum of 78.63%, followed by Nanyang 69.87% and Zhumadian 68.21%, the northern cities as Anyang with less than 50%, followed by Luoyang 56.99% and Zhengzhou 54.79%. The proportion of heavily or severely polluted days shows the characteristics of north high and south low, the northern cities as Anyang with the maximum of 12.05%(severely polluted days about 15), followed by Zhengzhou 9.57% (severely polluted days about 8) and Puyang 68.21% (severely polluted days about 7), the southern cities as Xinyang, Zhumadian and Nanyang less than 10%( severely polluted days less than 2 days). The urban annual average AQI presents the characteristics of northern and central high and southern low. Only Xinyang, Zhumadian, Nanyang, Zhoukou and Shangqiu, located in southern and eastern, has the annual average air quality index of Level II, while other cities are all in Level III (Figure 2(g) ). The AQI in a single city has a significant difference, the standard deviations of Anyang, Zhengzhou and Luoyang are all greater than 60, the all city's ranges are greater than the critical value of severely polluted of 300, the largest cities respectively are Luohe (459), Sanmenxia (453) and Luoyang (444) (Figure 2(h) ).
In general, the air quality in the northern cities is significantly lower than that in the southern cities, Anyang, Zhengzhou and Luoyang are the regions with the worst air quality, where AQI varies greatly, and the number of severe pollution days is the highest.
Henan Urban air Quality Temporal Distribution Characteristics Analysis
Urban AQI clearly shows a weekend effect, from Monday to Friday the urban AQI gradually increases, reaching a local maximum on Friday, decreases a little on Saturday, but still higher than Thursday, then increases to the maximum on Sunday (Figure 3(a) ).
Urban AQI gradually declines from spring to autumn and then increases rapidly in winter( Figure  3(b) ). Urban AQI is the highest in January, gradually decreases from January to April, and rises to the average of February and march in May, then gradually decreases to the minimum for the whole year in July, although from July to October gradually increases, but remains at relatively low levels, from October to December increases rapidly, and the rate in the first month is significantly higher than that in the last month (Figure 3(c) ). 
Henan Urban Air Quality Spatial Autocorrelation Analysis
The urban air quality in Henan province shows obvious seasonal characteristics. The spatial correlation of the seasonal mean of AQI could reflect the overall distribution characteristics and evolution pattern to a certain extent.
Using Eq.1 to calculate the global spatial autocorrelation indexes for the four seasons, the results are shown in Figure 4 . Global Moran's Is of the four seasons(as spring, summer, autumn and winter) respectively are 0.1607, 0.4165, 0.4715 and 0.0713, their corresponding Z values respectively are 1.2856, 2.7603, 2.9638 and 0.8535, indicates that the urban AQI shows some positive correlation, but the correlation is inversely proportional to the seasonal distribution of AQI. Under the significance test of 0.05, the positive correlations in summer and autumn are significant, and the correlations is gradually strengthened, that is, the high-value region is adjacent to the high-value region, and the low-value region and the low-value region are adjacent to each other. Under the significance level of 0.1, there is a significant positive correlation in spring AQI, but for the winter with the worst air quality, this significance level drops to 0.2, although there is a positive correlation, but the correlation is very weak. Using Eq.3 to calculate the local spatial autocorrelation indexes for the four seasons, the results are shown in Figure 5 .
In the spring, Zhengzhou is a High-High aggregation hot-spot city, Sanmenxia, Hebi and Xinxiang are low-value heterogeneous-spot cities surrounded by high values cities(LH), there is not cold-spot city and high value heterogeneous-spot city(HL). In the summer, the northwestern cities, as Hebi, Xinxiang, Jiaozuo and Luoyang, are concentrated regions of AQI high-high aggregation. Puyang is a low-value heterogeneous-spot city surrounded by high values cities. Zhumadian is a low-low cold-spot city, there is not high value heterogeneous-spot city(HL). In the autumn, the northern cities, as Hebi, Xiangyang, Xinxiang, Jiaozuo and Zhengzhou are concentrated regions of AQI high-high aggregation. The southern and central cities, as Pingdingshan, Luohe, Zhoukou and Zhumadian are low-low aggregation regions, there is not high value (or low value) heterogeneous-spot city. In the winter, Xinxiang and Hebi are low-value heterogeneous-spot cities surrounded by high values cities.
In general, the cities with high air pollution have been aggregating, the urban air quality index gradually declines from spring to autumn, but has some significant regional variation, the improvement of air quality in the central and northern cities is significantly lower than that in the southern regions, and gradually forms high pollution aggregation regions.
Conclusion
Based on the daily average data of urban air quality in Henan Province in 2017, using geostatistical analysis and spatial analysis methods, this paper studies the temporal distribution characteristics and spatial correlation of urban air quality in the province. The results show that:
(1) The air quality of northern cities in the province is significantly lower than that of southern cities, Anyang, Zhengzhou and Luoyang are the regions with the worst air quality, where the air quality index varies greatly with the most days of severe pollution.
(2) The urban air quality index shows weekend effect, and the air quality index in weekend is obvious high.
(3) The urban air quality index presents the characteristics of seasonal changes, which decreases gradually from winter to autumn.
(4) There are some positive correlations among the urban air qualities, these correlations are significant in the summer and autumn. The cities with high air pollution have been aggregating, the urban air quality index gradually declines from spring to autumn with the significant regional variation, the improvement of air quality in the central and northern cities is significantly lower than that in the southern regions, and gradually forms high pollution aggregation regions.
